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TITLE: ENERGY TRANSFORMATION PROPERTIES AND MECHANISMS
IN TRANSVERSE FLOW DISCHARGE CO2 LASERS

AUTHOR: WU ZHONGXIANG

SUMMARY We simulated, calculated, and analyzed the effects on
the various energy state transformation properties of dielectric media
of such factors as dielectric media gas pressures, flow speeds, light
cavity position, strength of radiation in the cavity, degree of output
coupling, and other similar factors in transverse flow discharged

CO, laser devices.

2
KEY TERMS Analog Calculations, Transverse Flow Discharge, CO2

Laser
This article did concrete calculations of the corresponding

energy transformation properties for the apparatus and the conditions

in reference {[1] (transverse flow, discharge, CO2 laser device,

dielectric medium constituent ratio of CO,:Ny:H = 5:17:78, an

initial temperature of 293K, a discharge current of 2A, E/N:

2.15x107 18 v.cm?, light cavity 160 cm® long (sic), height

1.8cm, as well as other parameters). In conjunction with this,

from the patterns of the changes, it analyzed the related mechanisms.
1. Various Energy States Change Along With Changes in Gas

Pressure P and Location x

With regard to the vibratory forms of energy above, EN and
E3, one obtains lnEN and lnE3-P curves at different locations x.
When x is within an area of effective electrical excitation, InEy
and lnE3 are increasing in a straight linear manner. When the
current goes into the vicinity of the edge of an area of effective
excitation, it gradually turns from going up to going down. Moreover,
within that, the straight line portion of the slope of the increase or
decrease stays basically unchanged in all cases, relative to x. 1nkE,
following along with the air pressure, presents this type of pattern
of linear changes and is capable of being understood in practical
terms as the effect of the electrical excitation pump and collision
relaxation's all being in direct proportion to the dielectric media
density, and the dielectric media density being in direct proportion
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to the gas pressure (due to the fact that, in the cavity, the changes

in the average kinetic temperature are not great). In the vicinity of

edges of areas of effective electrical excitation, 1nE gradually turns

from going up to gding down, thus reflecting, at this time, the energy
transformation mechanism's process of gradually turning from being
basically involved with the electrical excitation pump to being
primarily involved with collision relaxation.

The rule for the heat energy Ey and the descending vibratory
energy state E;, at different positions x as they follow along with
.changes in the gas pressure P is that they are both straight linear
ascending. Moreover, there is no relationship with whether or not x
is inside an area of effective electrical excitation or outside it or
whether it is inside the light cavity or outside it. The effects
which the absolute value receives from the strength of radiation are
also not large. This clearly shows that, under the relatively high
gas pressures which are opted for in this article, the energy
transfers from upper and lower vibratory energy states toward the
basic state as well as from the vibration state above to the vibration
state below and collision relaxation together dominate the effects.
This is precisely the basic reason for the properties of relatively
high pressure apparatuses being different from low pressure
instruments.
2. x Positioned at the Exit Aperture cf the Light Cavity. The

Total Energy of the Upper Vibratory State Ev(xExit) =

) + EN(x ) Follows Changes in the Gas Pressure P

By (Xpyit Exit

and the Radiation Strength I.

It is possible to see Eu(xExit) as being the upper vibration
state energy that still remains when the laser dielectric media flows
through the light cavity and reaches the exit aperture. Under
conditions in which the light strength I or the output degree of
coupling C~ are the same in the light cavity, the EU(xExit) ~~P
curves have BU(xExit)'S which all show the appearance of peaks in
the vicinity of P = 650 Torr. When the degree of coupling is
relatively large or the light strength is relatively weak, and, when,
around P ¥ 650 Torr, Ey(Xp,j¢) moving up or going down along with
changes in P is, in all cases, monotonic, as well as when the degree
of coupling is relatively small (for example, C=2.5%) or the light
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strength is relatively large (for example, 1-1012), after P > 650
Torr, the changes in Eu(xsxit) following along with P first drop

down and later, again, turn to going upward at a position with P = 900
Torr. At the vicinity of P 2 650 Torr, EU(xExit) shows the
appearance of peaks. This is relatively close to the gas pressure at

which the output power W in reference {1), shows the appearance of

Il
peaks. Also, this corresponds relatively well with the turning point

located at x=x =0.6cm in (1) previously. This clearly

Exit
demonstrates that the the peak values on the curves for Eu(x
and wI

the electrical excitation pump as the main thing to taking collision

o)
Exit
following changes in P are caused by the change from taking

relaxation as the most important thing.

When the light strength is relatively great, with P £ 900 Torr,
Eu‘xExit)'s drop following along with P. again, turns into an
upward climb. This is accompanied by the fact that, at approximately
P T 900 Torr, the changes in EU(xExit) following along with I,
also, from the increases and reductions following along with I, turn
into an increase. All of this clearly demonstrates that, at
corresponding light strengths and degrees of coupling, the enérgy
remaining in the upper vibratory state in the dielectric media, from
an increase and reduction following along with the gas pressure,
changes into an increase. In conjunction with this, it already
reflects the effects on energy transformations of the strength or
weakness of radiation in the cavity.

3. The Effects of the Strength of Radiation in the Cavity on
Dielectric Media's Receiving Repeated Electrical Excitations.

When the strength of radiation in the cavity is very small (1=
0), at given gas pressures, the usable vibration energy supplied by
electrical excitation is capable of
being expressed as the upper vibratory energy Eu(d) at the exit
aperture of areas of effective electrical excitation d. The
efficiency of the conversion of the vibratory energy into light energy

is capable of being expressed as:

N1o=W 1/Ege(d), (1)




The maximum limiting value should be the quantum efficiency
corresponding to the laser media ( & 0.409). Taking the symbol'77IU
for optimum output.coupling conditions to be 7 Ium’ Ve make the ke
IUm “VP curve, obtaining V] 1Um values the great majority of which
are obviously unreasonably larger than the quantum efficiency. This
clearly shows that, when I # 0, the total energy supplied to the upper
vibration state of the laser dielecttic.media by the electrical

excitation pump is very much larger than when I = O. As a result of
this, the dielectric media, in the process of flowing through the
iight cavity, have total energies which are actually acquired by upper
vibration states and should also include that portion of the power
which has already been turned into output. Besides this, under
relatively high gas pressures, EU is not greatly related to the drop
produced by collision relaxation and the strength of radiation.
Because of this, during the output process, the total energy which is
unceasingly replienished by electrical excitation to the upper

vibration state is:

Woi=W1/0.4094+Ey;(3 g=Epo(z ) (2)

In this equation, EUI(xExit) and EUO(xExit) are, respectively,

the upper vibration state energies remaining in the dielectric media
at the exit aperture of the light cavity when the light strength in
the cavity is I and O. This equation reflects, in the output process,
that reexcitation of energy in the cavity, besides being related to
output power and quantum efficiency, is also related to the difference
in values between upper vibration energies which remain at the light
cavity exit aperture when the light strength is I and O. Because of
this, under the effects of strong radiation, the total effective
vibratory energy WUI+' which is supplied by electrical excitation,

and the efficiency of its transformation into light energy'77IU+,

are capable of being represented respectively as:

Wi;=Wyr+Ego(d), nip= :;:7"1 (3)



The corresponding results are already sketched out in the various
Fig.'s of reference [1]. 1In it, ” IU+' under all conditions, is
reasonably smaller than quantum efficiency.

As far as the results of calculations are concerned, the

(ByoXexit) = Epp(Xpyie?)
conditions of degree of coupling, all show the occurence of peak

P curves, under different

values in the vicinity of P = 650 Torr. Moreover, before and after
them, all curves monotonically rise or fall.

) The secondary excitation energy W Ul under conditions with light
strength I, degree of coupling C, and optimum degree of coupling C
as well as the maximum secondary or subsequent excitation energy
UIm have curves as they follow aiong with changes in gas pressure P
such that they all show the appearance of peak values in the vicinity
of P 29001000 Torr. The drop in WUIA-P curves in the vicinity of
¥ 900 ~1000 Torr is capable of being understood as secondary
3xcitation energies being caused to reduce due to increases in the
upper vibration state energies remaining in dielectric media. The gas
pressures associated with WUI curve peak values are basically in
line with the gas pressures which correspond to the peak values of
vibration energy light output efficiencies in reference [1]. These
all clearly show that, in the cavity, reexcitation energy WUI as
well as its changes following along with gas pressure and radiation
strength are yet another mechanism to influence instrument vibration
encergy efficiencies.
4. Effects Associated With Light Cavity Entry Aperture Xq

In light cavities with different degrees of coupling C, gas
pressures P=780 Torr, 200 Torr, etc., and widths (<0.5cm), Wype in
all cases, shows the appearance of peak values at given positions x on
EU(xExit)ru X, curves (P=780 Torr; the peak values are at X
= 0.1v0.2 cm. P = 200 Torr; the peak values are at X, T 0.5 .~
0.7cm). This is capable of being understood as a condition where,
within the effective electrical excitation area, the internal cavity
electrical excitation pump is strengthened along with an increase in
X . Secondary excitation in the process of radiation output is also
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increased. However, the increase in Xq also causes the length that
the light cavity exit aperture extends beyond the area of effective
electric excitation to increase. Inside the cavity, at the same time,
the dielectric media received by the electrical excitation pump is
reduced. This also causes, in the output process, a reduction in
secondary excitation. These two factors follow along with increases
. o
curves to show the appearance of peak values. EU(xExit)’Uxo
curves descend monotonically, reflecting, in the dielectric media, the
‘pattern of remaining upper vibration state energy varying along with
changes in the location of the light cavity.

With different light strengths I and gas pressures P = 780 Torr
and 200 Torr, E:H and 512 ~ X, curves, in all cases, present the
form of a broken line. The break points all correspond to the center
of the light cavity (780 Torr and 200 Torr) or light cavity exit
apertures (780 Torr) placed at the location of the effective
electrical excitation area's exit aperture. This clearly demonstrates
that, in the cavity, the overall effects of electrical excitation

in Xs and reciprocally grow and decline, causing wUI VAP

pumps and collision relaxation cause an increase in Ey and 512'
Moreover, following along with an increase in the length of the light
cavity's shifting outward the effective electrical excitation area,
there is also a corresponding reduction.

5. Effects of Flow Speed U

Adopt X, = O.lcm, air pressure P = 780 Torr and 200 Torr, and
make Wi and EU(xExit) ~/ U curves. The results clearly show
that, following along with increases in U, wUI' in all cases, goes
down monotonically. This can be understood as being a shortening of
the retention time in the area of effective electrical excitation of
the dielectric media. Because of this, in the dielectric media, the
residual upper vibration state energy EU increases. However, the
probabilicvies of both receiving a radiation transition and of

secondary excitation are reduced, that is, wUI is reduced.
As far as EH and E12 ~ V curves under the same conditions
are concerned, they all are straight lines following V upward. This
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clearly shows that the energy shifts from the laser energy state and
from the upper and lower energy states to the basic state increase
linearly along with increases in the dielectric media flow speed V.
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